abstract Fazekaš J., Fazekašová D., Hronec o., Benková E., Boltižiar M.: contamination of soil and vegetation at a magnesite mining area of Jelšava-Lubeník (Slovakia). Ekológia (Bratislava), vol. 37, no. 2, p. 101-111, 2018. This paper is focused on the impacts of alkaline and metal deposition on soil and vegetation in the immission field of magnesium factory Jelšava-Lubeník (Slovakia). Soil samples and the foliage of vegetation were obtained from the Jelšava-Lubeník area with specific alkaline pollutants. The examined area is one of the most devastated regions of Slovakia. From the point of view of environmental regionalization, it belongs to an environmentally damaged area of category 3. The total content of heavy metals in the soil and vegetation (Pb, zn, cr, Mn, Mg) were determined by atomic absorption spectrometry and X-ray fluorescence spectrometry. Soil reaction was determined in a solution of 0.01 M cacl 2 . vegetation was assessed by the Braun-Blanquet scale. in conclusion, we can say that spray particles of free magnesium oxide (Mgo) strongly influence soil reaction, diversity, and vegetation cover. The research showed that the investigated sites were mostly strongly alkaline; the contents of cr, Mn and Mg were over the toxicity limit, while the measured values of Pb and zn did not exceed the limits set by the law. The values that measured significantly above the set limit show contamination that can be considered harmful and toxic. in the monitored species, that is, Agrostis stolonifera, Elytrigia repens and Phragmites australis, an over-limit content of Pb and zn and toxic contents of Mg and Mn were found.
biosphere by releasing toxic heavy metals that often have toxic effects on the environment (Mahmood, 2010; adriano, 2001 ). Soil does not emerge as a passive acceptor of heavy metals; polluted soil is a source of pollution of the other components of environment and food chain (Singh et al., 2006) . in relation to nature, the results of economic activities of anthropogenic activities are acidification, alkalization and metallization elements of the environment (Hronec et al., 2008; Fazekašová et al., 2014; Minďáš, škvarenina, 1995) . Heavy metals can accumulate in various plant parts, depending on the plant species, soil condition, and the type of heavy metal (Barman et al., 2001) . Plants' ability to cope with an excessive amount of heavy metals varies. Some plant species have mechanisms that impose heavy metals on cell walls or bond them chemically in the vacuole, thus reducing their toxicity. others impede penetration of heavy metals from the roots to the above-ground parts. accumulators are such plants species that accumulate a large amount of specific metals in their tissues (Pant, tripathi, 2014) . Agrostis capillaris, Calamagrostis epigejos, Deschampsia flexuosa and Agrostis stolonifera are capable of forming tolerant ecotypes. Elytrigia repens and Taraxacum officinale are also characterized by a high ecological valence and resistance to heavy metals (Banásová, 2004; Boguská et al., 2013) . Phragmites australis is considered as a plant with a high detoxification and phytoremediation potential and has been widely used in wetlands for the treatment of industrial wastewater containing heavy metals. Therefore, much attention has recently been focused on the response of this plant to heavy metal stresses (Jiang, Wang, 2008) . Some plants possess super-accumulative properties with regard to heavy metals: they can accumulate up to 5% of heavy metals (nickel, zinc or copper) in their leaves (as dry mass), which is more than tenfold higher than the values for ordinary plants (Gladkov et al., 2011) . Soil parameter such as soil reaction, the organic matter content and quality, soil sorption complex, soil granularity, and oxidation-reduction potential influence the availability of heavy metals in plants (Wang et al., 2015) . Soil alkalinity is conditioned by the presence of alkaline salts, which are easily hydrolysed and allow the formation of alkalinity. The fundamental reason of soil alkalinity is the presence of exchangeable sodium and the content of na 2 co 3 or naHco 3 in soil solutions that worsen some soil processes like soil acidity. a strong alkaline reaction of pH/cacl 2 > 7.7 is created by air alkaline pollutants from a magnesium factory. Magnesite air pollutants are a mixture of Mgo and Mgco 3 , due to which a soil reaction can move above pH 8 (Baluchová et al., 2011) . This paper examines the impacts of alkaline and metal deposition on soil and vegetation in the immission field of magnesium factory Jelšava-Lubeník (Slovakia).
material and methods

Study area
Jelšava and Lubeník lie in the south-central part of the Slovak ore Mountains in the Muran valley, in the district called Jelšava podolie. Jelšava podolie, geomorphologically, belongs to the revúca Highlands (Mazúr, Lukniš, 1980) . Geologically, the area belongs to the central Western carpathians. The area is built mainly by Palaeozoic and Mesozoic rocks. Palaeozoic rocks are found in a wide belt between Jelšava and Lubeník, and consist of phyllites, sandstones, shales, limestones and conglomerates. The soil type of cambisol evolved on this bedrock-it is lightly skeletal, mostly of medium depth (60-120 cm), and the steeper slopes are prone to erosion. The original reaction soil pH of about 5 was changed to a pH of about 7.2 to 8.5 due to magnesite dust contamination. The second largest group of rocks consists of limestone, dolomite, and slate limestone, which we categorize as Mesozoic rocks. The developed soils are mostly shallow (15-20 cm), loam to loamy clay, predominantly strongly skeletal, and classified as rendzinas. The third group consists of rocks of the upper Pliocene sediments-they are clays, sands, and gravels with overlays of quaternary clays, in which there were developed Luvisols. Fluvisols and their various subtypes are developed in the alluvium of the river Muran (Hronec et al., 2010) .
Jelšava and Lubeník belong to a warm climatic region with 50 and more summer days (a summer day has a maximum air temperature 25 °c). The climate is warm, moderately humid with a cold winter. The average temperature in January is -3 to -5 °c and in July 14.5 to 16.5°c. annual precipitation is 600-800 mm (climate atlas of Slovakia, 2015) . Based on the values of the Gorczynski index, the study area belongs to the transitional maritime climate (vilček et al., 2016) , where the actual evapotranspiration value reaches 400-450 mm per year (škvarenina et al., 2009) .
twelve research sites of the problem area Jelšava (n48°38'39.1" E20°13'02.7") and Lubeník (n48°39'18.3" E20°11'48.9") were monitored in the agrarian country (Fig. 1) . Soil samples were collected from the permanent research sites, which are used as permanent grasslands and are in the immission field of the magnesium factory, Jelšava-Lubeník (Slovakia), from the a horizon to the depth of 0.05 to 0.15 m. 
Soil assays
after homogenization, the soil samples were manually crumbled, dried at room temperature, sieved (< 2 mm) and stored in polyethylene bags until the analysis. We studied and evaluated the soil reaction in a 1n solution cacl 2 (5 g of soil mixed with 25 ml of 0.01M cacl 2 ) using the Mettler toledo pH meter. The total content of Pb, zn, cr, Mn and Mg was determined by X-ray fluorescence spectrometry following the methodology as devised by Fiala et al. (1999) . The assessed values of heavy metals in soils were compared to the limit values of Slovak soils (act no. 220/2004).
Vegetation assays
The foliage of Pragmites australis, Elytrigia repents and Agrostis stolonifera was collected to determine the heavy metal content. vegetation samples were dried at 40°c, homogenised to the fraction < 0.09 mm, burned in a furnace at 550°c and decomposed with a mixture of Hcl and Hno acid. The concentration of heavy metals was (Pb, zn, cr, Mn, Mg) determined and the measured values of heavy metals were compared with the threshold values of plants determined by law (act no. 220/2004). The samples were analysed by atomic absorption spectrometry, and X-ray fluorescence spectrometry following the methodology devised by Fiala et al. (1999) .
The diversity of grassland communities was monitored in the form of plots on the field of 16 m 2 during the 2016 growing season. vegetation was assessed by the Braun-Blanquet scale (Braun-Blanquet, 1964 ). The terminology is given in accordance with Marhold, Hindák (1998) . The determination of the species diversity of the sites was done according to the Shannon index: which is sensitive to the different characteristics of plant communities, particularly the number and significance of the coefficient of all kinds. The results were evaluated on the basis of scales: 1 extremely low (< 0.5), 2 very low (0.5-1), 3 middle low (1-1.7), 4 low (1.7-2.5), 5 low to moderate (2.5-3.3), 6 medium (3.3-4), 7 half-height (4-5), 8 high (5-7), 9 very high (7-10) and 10 extremely high (> 10).
Statistical analysis
The obtained data were processed statistically with the Statistica 13 software and PaSt 3. The level of significance between soil properties was calculated using the Spearman's correlation coefficient. The data were LoG-transformed prior to the analysis.
results and discussion
Soil reaction
Soil reaction is considered to be one of the main chemical properties because it affects all biochemical reactions in the soil environment (Hohl, varma, 2010) . The mobility, translocation, and toxic effects of risk elements are affected by some soil properties, the content of the clay, organic matter, and soil reaction (Song et al., 2006) . The soil reaction in the alkali-contaminated areas of Jelšava and Lubeník ranged between 7.95 ± 1.03 (median ± standard deviation) (table 1, Fig. 2 ). Mg flings with significant reactive caustic magnesite are aggressive in natural environments, as even small quantities coming into contact with the soil and crop moisture form saturated solutions with a high alkaline pH value (Baluchová et al., 2011) .
Heavy metal pollution in soil
The content of lead (Pb) and zinc (zn) in the studied area did not exceed the values set by the law (act no. 220/2004). The average values of Pb on the examined area were under the limit, ranging from 17-45 mg kg -1
. The average content of zn varies in the region around 32 mg kg -1 , a value under the limit. The chromium content in the soil of the investigated area, Jelšava and Lubeník, was in the range of 140.00 ± 279.49 (median ± standard deviation), considerably exceeding the values determined by the law (table 1, Fig. 2 ). The median level of chromium in the soil of Slovakia was 85 mg kg -1 in the a-horizon (ševčík et al., 2008) . However, the data presented by Čurlík, šefčík (1999) indicate high cr levels (up to 6096 mg kg -1 ) in both a and c horizons of soils from the outer carpathians. The major part of cr was in a little mobile form in the soil. The mobility depended on the pH, the content of clay particles, and the redox potential of the soil. chromium, cobalt and nickel are considered as metals that come from a geogenic load (takáč et al., 2008) . Hexavalent chromium (cr 6+ ) is classified as one of the most important environmental contaminants (kafka, Punčochářová, 2002) . readily soluble cr 6+ in soils is toxic to plants and animals. a dose of 0.5 g chromium dioxide kills a man and is classified as a human carcinogen (Melichová et al., 2017) . Therefore, the variability in the oxidation states of cr in soils is of a great environmental concern (kabata-Pendias, 2011). chromium is a heavy metal of high environmental impact (vaiopoulou, Gikas, 2012) , as it can severely affect the behaviour of micro-and macroorganisms (Gikas, romanos, 2006; Shanker et al., 2005) .
Magnesium is considered the fifth major nutrient in plant nutrition and is not present within the hygienic limits set by the Slovak republic. The Mg content highly significantly correlates with soil texture, soil reaction, soil potassium content, and soil sorption capacity (Fazekašová et al., 2014) . it is located in several primary and secondary minerals. The content values of the magnesium found in the topsoil of agricultural land in Slovakia are in the range of 200-400 mg kg -1 , showing a high content of this element in the soil (kobza et al., 2010) . Therefore, the values over 500 mg kg -1 can be considered as higher to high, or over the limit (over 1000 mg kg -1 ). in the studied area, we found significant contamination of soil by magnesium with values within the range of 26150.00 ± 59039.25 (median ± standard deviation), which is, on average, 18 to 493 times in excess (table 1, Fig. 2) . From the measured data of Mg content in the soil, it is possible to conclude the presence of a considerable heterogeneity, which is confirmed by a significant difference between the minimum and maximum values. The highest concentrations of Mg exceeded the high content of this element 492.5 times, which is comparable with Wang et al. (2015) . The Mg content above the limit has a toxic influence on plants, causing their gradual necrosis and loss of soil vegetation cover.
The measured levels of manganese had a similar pattern and contents in the range 1600.00 ± 517.20 (median ± standard deviation) (table 1, Fig. 2 ). The average content of manganese in the soil of the Slovak republic is in the range of 0.85 to 112.90 mg kg -1 , indicating a significant spatial heterogeneity of the elements, but a medium supply of this element , which shows the symptoms of manganese toxicity. The most toxic compounds of manganese are in the oxidation no. iii. The lethal dose of potassium permanganate (kMno 4 ) for an adult human is 5 g. Some manganese compounds are potential carcinogens (Melichová et al., 2017) . Based on the obtained results, it can be stated that the Pb, zn contents are below the toxic level but that does not apply to cr, Mn and Mg. They significantly exceed the limits, pointing to contamination that can be considered toxic and harmful.
The relationships between heavy metals are listed in table 2. Spearman's correlation coefficients confirmed a negative correlation between Pb-Mg and only zn-Mg was significant. a significant positive correlation (p < 0.05) between soil pH-Mn and pH-Mg was determined in this study. Positive correlations were detected between Mn and Mg.
Diversity of vegetation and heavy metal pollution
We found alkaline to strongly alkaline soil reactions in seven investigated sites. This greatly affected the variability of species. characteristic wild solanaceous such as Elytrigia repens, Chenopodium album, Equisetum arvense were present on farmlands. Permanent grasslands were represented by species typical of wet and waterlogged sites such as Alopecurus pratensis, Lychnis flos-cuculi, Cirsium rivulare, Acetosa pratensis, Archangelica officinalis, Agrostis stolonifera and competitively strong species Elytrigia repens, Phragmites australis, creating monoculture in four locations (9-12) (Fig. 1) . ruderal communities of Tanacetum vulgare, Chenopodium album, Silene vulgaris and rampant invasive taxon Solidago canadensis were recorded in Sites 1 and 5 near arable land and also on permanent grasslands.
Species diversity of flora was investigated in localities evaluated by the Shannon index H' , which is sensitive to the different characteristics of plant communities, particularly the coefficient of significance of all kinds (špulerová et al., 2011 , 2016 Barančoková, Barančok, 2015; Barančoková et al., 2017) . Based on the results of the Shannon index, we can conclude that the diversity on the investigated sites is extremely low (0.0) to middle low (1.5).
The species were selected on the basis of their significance coefficients at individual sites. Pb, zn, cr, Mn and Mg were analysed in the plant species. The highest contamination compared to the threshold values was found in Elytrigia repens in which the zinc content exceeded the threshold by 47 times and the lead content by 33 times. Excessive values of zinc were also found in dry matter such as Phragmites australis (table 3, Fig. 3 ). The concentration of magnesium in the sampled plants showed a very high content (table 3, Fig.) . The highest content of the element was found in Elytrigia repens (21208 mg kg . The accumulation above 1000 mg kg -1 has also been often reported for several more resistant species or genotypes. The hyperaccumulator plants (Phytolacca americana L.) absorbed Mn from the contaminated soil up to 13,400 mg kg -1 in leaves (kabataPendias, 2011). Excess magnesium induced some toxicity symptoms. The plant that received 10,000 mg of Mg 2+ kg -1 died on the 20th day after the treatment, and the plants that received 5,000 mg of Mg 2+ kg -1
, died on the 45th day (venkatesan, Jayaganesh, 2010). Phragmites australis can tolerate many types of habitats and grow in areas with wide ecological amplitude, including wetland and soil. Many studies reported P. australis as one of the best plant organisms for the detection and adsorption of harmful contamination by heavy metals (Wang et al., 2015) . P. australis is not a hyperaccumulator; however, this is a fast-growing and high-biomass producer, has a deep root apparatus, and can tolerate and/or accumulate a range of heavy metals in their aerial portion. Given this, this is often utilized to reduce the metal concentration of soils, sediments and waters (Bragato et al., 2006) . P. australis has also been used to identify the presence of cd, cu, Pb and zn in estuaries, suggesting that it can be used as a bio-indicator (cicero-Fernandes et al., 2017) . Agrostis stolonifera and Elytrigia repens are capable of forming tolerant ecotypes and are also characterized by a high ecological valence and resistance to heavy metals (Banásová, 2004; Boguská et al., 2013; Fazekašová et al., 2016) . Elytrigia repens is the most resistant to contamination by Pb, cr, zn, Mn, ni, and cu and is characterized by low contents of the elements under study compared to the other plant species (Minkina et al., 2017 (Minkina et al., ). ranieri et al. (2013 reports that Phragmites australis has a high potential for adsorption of cr from contaminated soils. charlesworth et al. (2016) state that Agrostis stolonifera has a high accumulation potential for heavy metals. These findings will assist in selecting the best grasses to address the pollution of the urban environment by contaminant particulates.
Conclusion
The magnesium industry has a negative impact on the basic elements of the environment. The effects of mining and processing activities are physical changes in a surrounding country, holes and craters after surface mining, heaps, waste dumps as well as dustiness caused by the emission of solid particles. a high deposition of dust is accompanied by soil and water contamination with alkali elements. The area Jelšava-Lubeník is one of the most devastated regions of Slovakia, with an alarming degree of environmental damage. The major component of environmental pollution in Jelšava-Lubeník is magnesite powder belonging to aerosol particles. The result is secondary salinization by Mg, chemical intoxication, and soil devastation. a continuous magnesite crust covers a part of the soil; the vegetation cover is considerably eliminated, reducing a landscaping and environmentally aesthetic function and ecologically important soil functions. The research showed that the investigated sites were mostly strongly alkaline, the contents of cr, Mn and Mg are over the toxicity limit, the measured values of Pb and zn did not exceed the limits set by the law. Their significant surpassing of limits points to contamination, which we consider harmful and toxic. in the monitored species, Agrostis stolonifera, Elytrigia repens and Phragmites australis, over-limit contents of Pb and zn and toxic contents of Mg and Mn were found. Based on the results of the Shannon index, we can conclude that the diversity on the investigated sites is extremely low (0.0) to middle low (1.5).
